Objective: The aims of this study were to examine the influence of maternal hypoadiponectinemia on the risk of varying degrees of gestational hyperglycemia as well as on ethnic differences in circulating levels of adiponectin. Methods: A case-control study nested within a prospective cohort of healthy pregnant women compared those who developed gestational diabetes mellitus (GDM, N = 80), or had an impaired glucose challenge test (GCT) non-GDM (defined as 1 hr plasma glucose >140 mg/dl after a 50-g oral glucose load when screening for GDM but did not meet the diagnostic criteria for GDM by a diagnostic oral glucose tolerance test, N = 128) to normal controls (N = 557). Concentrations of serum adiponectin were determined at entry (~17 weeks) and during the 3 rd trimester. Results: With multivariable adjustment, entry hypoadiponectinemia (the lowest tertile vs. other tertiles pooled) was strongly associated with an increased risk of GDM (AOR 2.68, 95% CI 1.62 -4.41) and with impaired GCT non-GDM (AOR 1.58, 95% CI 1.05 -2.38). This association persisted after adjustment for pregravid BMI despite the fact that the risk in obese women with low adiponectin was higher. Similar data were obtained during the 3 rd trimester. The concentration of adiponectin during the 3 rd trimester was significantly lower in African Americans compared to Hispanics or Caucasians and this difference was detectable in both cases and controls (p < 0.05 or p < 0.01 for each). Conclusions: The present results identified a unique graded association between hypoadiponectinemia during early pregnancy with risk of GDM and less severe hyperglycemia non-GDM independent of maternal BMI. The relationship persisted to the 3 rd trimester. African American women have lower adiponectin level than Caucasian or Hispanic women. Hypoadiponectinemia may play a significant pathophysiological role in the development of GDM and of less severe gestational hyperglycemia.
INTRODUCTION
Adiponectin is an important adipokine specially secreted by adipocytes [1, 2] . It exhibits potent anti-inflammatory and atheroprotective effects in vascular tissue and is a regulator of insulin sensitivity and glucose homeostasis [3] [4] [5] . Low concentrations of circulating adiponectin in mid to late pregnancy are consistently associated with increased risk of gestational diabetes mellitus (GDM) [6] [7] [8] [9] . Whether the association of hypoadiponectinemia with risk of GDM is independent of maternal adiposity is uncertain [6] [7] [8] [9] . It is also not known if hypoadiponectinemia is associated with the risk of developing the less severe form of gestational hyperglycemia. Glucose intolerance that is less severe than overt GDM has been linked with an increased risk of adverse pregnancy outcomes as well as with abnormalities in glucose and fat metabolism [10] [11] [12] .
There are racial/ethnic differences in the body composition, insulin resistance, the prevalence of metabolic syndrome and other obesity related chronic diseases [13] [14] ; the underlying mechanism(s) are not fully understood. Adiponectin is a useful marker because a reduced concentration is strongly associated with the risk of type 2 diabetes, hypertension and other cardiovascular conditions [3, 15] , whereas increased levels are related to a reduction in diabetes risk [16] . Whether there are ethnic differences in maternal serum adiponectin level during either early or late pregnancy has not been studied. Thus, our primary aim was to investigate whether maternal hypoadiponectinemia during early gestation was not only associated with risk of GDM but also with less severe hyperglycemia, and if this association is independent of maternal BMI. The secondary aim was to determine whether there is a detectable difference in maternal serum adiponectin concentration among ethnic minority groups
MATERIALS AND METHODS
We conducted a case-control study nested within the Camden Study, a prospective cohort study of pregnancy outcome and complications in young, generally healthy women residing in one of the poorest cities in the continental United States [17] . The institutional review board at the University of Medicine and Dentistry of New Jersey approved the study protocol. Informed written consent was obtained from each participant after explanation of the nature and purpose of the study.
Data of socioeconomic, demographic and lifestyle were obtained by interview at entry to care (14.2 ± 0.19 week of gestation, mean ± SE), and updated at weeks 20 and 28 gestation. Ethnicity was self-defined. BMI was computed based on self reported pregravid weight and measured height at entry to prenatal care (kg/m 2 ). Maternal obesity was defined as BMI  30. Blood samples collected at entry to care (17.1 ± 0.19 week) and during the 3 rd trimester (30.41 ± 0.12 weeks, mean ± SE) from study participants were centrifuged at 4˚C and serum samples were stored at -70˚C until assayed. After exclusions of women who had a serious non-obstetric problem, the cohort of 2379 participants enrolled between 1996 and 2006 were used to select cases and to randomly select the controls.
Cases Definition
Cases of GDM were selected from among participants with a positive glucose challenge test (GCT) at 28 week's gestation (28.1 ± 0.1 weeks, mean ± SE) (1 h plasma glucose concentration >140 mg/dl after a 50-g oral glucose load) and with two or more glucose values over the cut points of 95, 180, 155, 140 mg/dl at fasting, 1, 2, and 3 hours during a 100g diagnostic oral glucose tolerance test (OGTT) (the Carpenter/Coustan conversion recommended by ADA) [18] . Women with a positive GCT and fewer than two abnormal glucose values during an OGTT were identified as cases of impaired GCT non-GDM. Gravidae with GDM (N = 80), impaired GCT non-GDM (N = 128) and 557 normal GCT (controls, glucose  140 mg/dl at GCT) who were randomly selected from the cohort (SAS procedure, PROC SUR-VEYSELECT) were included in the study.
Analytic Procedures
Serum adiponectin concentrations were measured by ELISA. The sensitivity for the assay was 0.78 ng/ml and the antibody pair used was specific to Human Adiponectin and does not significantly cross-react with other cytokine or hormone molecules according to the manufacturer (Human adiponectin ELISA kit, Upstate Chemicon/Millipore, Billerica, MA). The intra and inter adiponectin assay coefficient of variation was 5.8% and 7.8% respectively.
Statistical Analysis
Univariate statistics were calculated for continuous variables and Chi-square test was used for categorical variables. Analysis of variance (ANOVA) was used to assess the significance of linear trends among groups with varying degrees of hyperglycemia (cases) to the controls; pairwise contrasts (cases to controls) also were computed. Because of the nature of case-control design, we examined ethnic differences in serum adiponectin concentration by ANOVA comparing mean adiponectin levels of African Americans, Hispanics and Caucasians within each of the case groups and within the control group. We also computed the overall ethnic difference, pooling cases and controls.
Multiple polytomous logistic regression was used to estimate the relation between gestational hyperglycemia (dependant variable coded as GDM, impaired GCT non-GDM vs. normal GCT) and hypoadiponectinemia, defined as serum adiponectin concentration in the lowest tertile (independent variable, coded as lowest tertile vs. tertiles 2 and 3 pooled). This is an extension of traditional logistic regression which models multiple level outcomes so that odds ratios (OR) and adjusted odds ratios (AOR), say for GDM and impaired GCT non-GDM versus controls, are estimated in the same model. Separate models were fit for entry and the 3 rd trimester. Odds ratios, adjusted odds ratios, the p for trend and 95% confidence intervals (95% CIs) were computed from the logistic regression coefficients and their corresponding covariance matrices. Polytomous logistic regression also was used to examine differences in adiponectin, with maternal obesity (BMI < 30 vs. BMI  30) with and without hyperglycemia. Potential confounding variables including maternal age, ethnicity, parity and cigarette smoking and/or pregravid BMI were controlled in multivariable models accordingly. All statistical analyses were performed using SAS v.9.1 (SAS Institute, Inc., Cary, NC).
RESULTS
Maternal characteristics are shown in Table 1 . As expected, patients with GDM or impaired GCT non-GDM were older and had higher pregravid BMIs (p for trend <0.0001 for each). There were more nulliparas among controls (41.8%) compared to GDM (33.8%) or impaired GCT non-GDM (30.5%, p < 0.05). Plasma concentrations of glucose, insulin, C-peptide during the 1 hr GCT were increased and exhibited a graded relation between case groups and controls (p for trend <0.0001 for each). Differences in other variables including gestational age at sampling were not statistically significant (p > 0.05 for each). Ethnic differences at entry differed marginally (p = 0.066).
After adjusted for several confounding variables, serum adiponectin concentrations were significantly different among cases and controls (p for trend <0.001 for each), the lowest level was found in the GDM group, followed by impaired GCT non-GDM, and the controls (vs. GDM p < 0.01, vs. impaired GCT non-GDM p < 0.05) at entry and similar data were obtained at the 3 rd trimester ( Table 1) . Adiponectin levels were significantly decreased by the 3 rd trimester compared to entry in each of the three groups (p < 0.05 for each, data not shown).
Hypoadiponectinemia: Risk of GDM and
Impaired GCT Non-GDM After multivariable adjustment, at entry to care, 50% cases with GDM and 38% of cases with impaired GCT non-GDM compared with 29.6% of controls were in the lowest tertile of adiponectin, i.e. below 10.7 µg/ml (hypoadiponectinemia). Hypoadiponectinemia was associated with a 2.5 times increased risk of developing GDM; risk was likewise increased by 1.58 times in cases with impaired GCT non-GDM ( Table 2 ) versus controls (model 1. p for trend <0.0001). Additional adjustment for pregravid BMI (model 2) did not greatly alter effect of adiponectin on hyperglycemia. Similar associations were observed in the 3 rd trimester between hypoadiponectinemia and the risk of GDM or impaired GCT non-GDM ( Table 2 , models 1 and 2).
Hypoadiponectinemia, Hyperglycemia and Maternal Obesity
Adiponectin concentrations were negatively correlated with pregravid BMI (r = −0.29, p < 0.0001 for entry and r = −0.24, p < 0.001 for the 3 rd trimester). We examined the relationship of hypoadiponectinemia to gestational hyperglycemia with and without maternal obesity (BMI ≥ 30 and BMI < 30) ( Table 3 ) using non-obese controls as the reference group. At entry, a reduced adiponectin level was significantly associated with GDM (AOR 2.58, 95% CI 1.35, 4.92) and with impaired GCT non-GDM (AOR 1.61, 95% CI 1.01, 2.61) in non-obese women. Among Table 2 . The association of hypoadiponectinemia with GDM and impaired GCT non-GDM.
GDM

Impaired GCT non-GDM Controls
Entry Adiponectin tertile (µg/ml) rd trimester, hypoadiponectinemia was also associated with GDM or impaired GCT non-GDM regardless of whether or not the woman was obese.
Ethnic Differences in Serum Adiponectin Concentration
During the 3 rd trimester, concentrations of adiponectin were consistently and significantly lower in African American cases with GDM, as well as in cases with impaired GCT non-GDM when compared to Hispanics or Caucasians of the same case group; this also held true for the controls (model was fully adjusted for confounding variables) (p < 0.05 or p < 0.01 for each, Table 4 ). At entry the only significant difference observed was for African American with impaired GCT non-GDM (10.82 ± 0.89) in comparison to their Hispanic counterparts (15.04 ± 0.80, p < 0.01).
We also compared the changes in serum adiponectin level between entry and the 3 rd trimester by ethnicity, pooling cases and controls. During the 3 rd trimester, adiponectin concentration decreased significantly (p < 0.05) within each ethnic group, African Americans (−3.13 ± 0.49), Hispanics (−2.27 ± 0.39) and Caucasians (−1.43 ± 0.66).
DISCUSSION
In this case-control study nested within a large prospective cohort in a well characterized multiethnic group of subjects, we were able to demonstrate a unique graded association between hypoadiponectinemia during early gestation and risk for overt GDM and for less severe hyperglycemia, e.g., impaired GCT non-GDM. This relationship persisted during the 3 rd trimester. Decreased serum adiponectin in early pregnancy predicts an increased risk to develop GDM [6] ; cross sectional studies from later pregnancy also have found lower levels with GDM [7] [8] [9] . Our data are in agreement with these findings. Entry hypoadiponectinemia is associated with a more than 2-fold increased risk of GDM and this relation persists into the 3 rd trimester, after multivariable adjustment ( Table 2) .
Apart from GDM, little is known about whether or not low serum adiponectin increases risk of developing mild to moderate hyperglycemia. Maternal adiponectin correlates negatively with plasma glucose (fasting and during OGTT) in women with mild hyperglycemia without overt GDM [19] . However, the measurements were taken late in gestation (~28 weeks) and did not include controls with normal glucose tolerance [19] . In contrast, another study of adiponectin in late gestation found no difference between controls (15.54 µg/ml) and women with impaired glucose tolerance (15.06 µg/ml) [9] . We found hypoadiponectinemia at entry to be significantly associated with a ~1.6-fold increased risk of impaired GCT non-GDM and the results were not greatly altered after adjustment for maternal BMI ( Table 2) . These effects persisted, despite the fact that the concentration of adiponectin decreased during the 3 rd trimester in the both cases and controls (Tables 1 and 2) . The strength of this study is that we are able to show graded associations between varying degree of hyperglycemia and adiponectin which extend previous findings. Our results suggest that decreased adiponectin during early pregnancy is a useful predictor/marker for both GDM and less severe hyperglycemia non-GDM.
Adiponectin is inversely associated with body composition and obesity in non-pregnant subjects [20, 21] . Excess fat mass or visceral adipose tissue exerts a negative feedback on the expression and production of adiponectin [2, 4, 16] . Data on whether the increased risk of GDM with low adiponectin is independent of maternal obesity are inconsistent [6, 7, 9] . We observed that the adjusted odds ratio was increased even in obese women with a normal GCT and the association between low adiponectin and hyperglycemia did not change significantly regardless of whether women were obese or not ( Table 3) .
The prevalence of obesity and metabolic syndrome is greater in non-pregnant African American women than Caucasians [13, 14] . The ethnic differences in insulin secretion and resistance are detectable during childhood and adolescence [22] . Environmental factors contribute to some but not all ethnic disparities [13, 14] . Adiponectin has been implicated as an anti-inflammatory and antiantherogenic hormone but data on ethnic differences in adiponectin during pregnancy are limited. Khoo et al. reported that adiponectin concentration was different among non-pregnant women in several Asian ethnic groups [23] . Our data showed that African American women had significantly lower adiponectin concentrations than Caucasians and/or Hispanics ( Table 4) . This difference is consistent among each of three glycemic groups during 3 rd trimester, but at entry to care the difference was only detectable in the group with impaired GCT non-GDM. To our knowledge, the current study is the first demonstration of ethnic differences in serum adiponectin for pregnant women in USA.
Why pregnant African American women have lower adiponectin is unclear. Adiponectin is down regulated by multiple factors, including insulin resistance and the inflammation which characterizes late pregnancy [2, 15] . Previously we found non-diabetic African American women to have higher insulin levels and increased insulin resistance but reduced insulin clearance [24] . Thus, a possible explanation for the ethnic difference during the 3 rd trimester could be a response to a different degree of insulin resistance in African American where the greater the insulin resistance, the greater the suppression of adiponectin production.
In summary, hypoadiponectinemia during early and late pregnancy was strongly associated with risk of various degrees of gestational hyperglycemia, including GDM and less severe hyperglycemia non-GDM. This association did not change significantly in women with or without obesity. There is a detectable ethnic difference in adiponectin concentration during late gestation, in that African American women regardless of whether they are hyperglycemic or normoglycemic have lower adiponectin levels than Caucasian or Hispanic women. These data suggest that hypoadiponectinemia may play a significant pathophysiological role in the development of GDM and of less severe gestational hyperglycemia and may have clinical relevance with respect to GDM and less severe hyperglycemia risk prediction.
